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impress itself upon the metal that vestiges remain even after all the heat
treatment and mechanical work to which it will be afterwards subjected.

I shall consider later these phenomena, which are dependent upon
the sequence, propinquity and uniformity of distribution of the centers
of crystallization, especially as influenced by the processes of under-
cooling. Only the process of crystallization around a single nucleus will
now be studied, which is always theoretically possible, provided the mind
is attuned to contemplate a metallic mass sufficiently small in dimension.
We shall see later that, although it is not possible to cool a piece of metal
in the laboratory so that only one crystal results, the conclusions which
may be drawn from a theoretical consideration of this limiting simple case
can be easily extended to the more complex practical cases, in which the
metallic mass under observation actually crystallizes around a large
number of centers.

12. As soon as the temperature of the metallic mass falls a very little
below t', reaching the value t", the separation of a certain quantity of
mixed crystals F will cause an increase in the concentration of the element
X in the residual liquid, because the solid phase contains a smaller pro-
portion of the element X than that contained in the liquid E. Let us
call E' the new concentration of X in the residual liquid. Liquid E' is
in equilibrium with solid of composition F' (greater than F) at tempera-
ture t". In other words, the first solid to separate from the molten
liquid when the temperature falls the least bit below t" will have an analy-
sis in X equal to an abscissa t"Ff, richer in X than the nucleus about which
it must precipitate.

From the definition of the curve UV, it is clear that the point E'
will lie upon it.

If now we consider the conditions of our system containing homo-
geneous liquid and heterogeneous crystal after it has reached temperature
t" and take due account of the fact that the cooling process in itself is
essentially continuous, we easily see that this system cannnot be con-
sidered as being in equilibrium from the standpoint of the phase rule.

In fact, should no other reaction occur the crystallite forming around
the nucleus F will consist of a series of shells of differential thickness,
in each of which, as you pass from the center outward, the concentration
of X would vary from that value corresponding to the point F to that
value corresponding to the point F', showing a scale of all possible inter-
mediate values between these two points. Diffusion must take place in
such a compound crystallite to allow an approach to a state of true chemi-
cal equilibrium. In fact, diffusion of element X from a region of high
concentration to one of low concentration does take place within the
crystal of solid solution and between this and the liquid masses in con-
tact with its surface, in a manner similar to those movements which
render a liquid solution homogeneous, although with lesser velocity and